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Abstract
This study aimed at evaluating the effects of different levels of rosemary (Rosmarinus officinalis) extract on growth
rate, hematology and cell-mediated immune response in Markhoz newborn goat kids. Twenty four goat kids (aged 7±3
days) were randomly allotted to four groups with six replicates. The groups included: control, T1, T2 and T3 groups
which received supplemented-milk with 0, 100, 200 and 400 mg aqueous rosemary extract per kg of live body weight
per day for 42 days. Body weights of kids were measured weekly until the end of the experiment. On day 42, 10 ml
blood samples were collected from each kid through the jugular vein. Cell-mediated immune response was assessed
through the double skin thickness after intradermal injection of phyto-hematoglutinin (PHA) at day 21 and 42. No
significant differences were seen in initial body weight, average daily gain (ADG) and total gain. However, significant
differences in globulin (P< 0.05), and white blood cells (WBC) (P< 0.001) were observed. There were no significant
differences in haemoglobin (Hb), packed cell volume (PCV), red blood cells (RBC), lymphocytes and neutrophils
between the treatments. Skin thickness in response to intra dermal injection of PHA significantly increased in the
treated groups as compared to the control group at day 42 (P< 0.01) with the T3 group showing the highest response
to PHA injection. In conclusion, the results indicated that aqueous rosemary extract supplemented-milk had a positive
effect on immunity and skin thickness of newborn goat kids.
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1 Introduction
Immunity of newborn animals is low in the first weeks
after birth due to a variety of physiological and environ-
mental stressors (Shokrollahi et al., 2013). The mor-
tality rate is high during this period because of various
inducements including pneumonia and diarrhea (Peeler
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& Wanyangu, 1998). There is a high degree of vari-
ability in the quality of passive immunity acquired by
kids. Scientists are exploring additives that improve an-
imal health, passive immunity and productivity. The use
of phytogenic ingredients have gained prominence and
received attention in animal industry because of their
broad antioxidative actions (Wei & Shibamoto, 2007),
antimicrobial actions (Özer et al., 2007), as well as their
growth and immune booster actions. Rosemary (Ros-
marinus officinalis L.), as an aromatic herb, is one of
the most widely commercialised plants administered in
animal diets as a source of natural polyphenols such
as rosmanol, genkwanin, carnosol, rosmadial, caffeic
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acid, rosmarinic acid and carnosic acid (Anderson et al.,
2008; Costa et al., 2007; Cuvelier et al., 1996; Moran
et al., 2005). Its powerful antioxidant activity sup-
ports protection against damage induced by free radicals
(Ramírez et al., 2004). Moreover, rosemary has been
demonstrated to have anticancer (Tai et al., 2012), anti-
inflammatory and antimicrobial effects (Aruoma et al.,
1996; Seydim & Sarikus, 2006; Suong et al., 2011). The
effect of rosemary or its essential oils on rumen fermen-
tation and on milk fatty acids compositions has been
investigated (Nudda et al., 2014; Sahraei et al., 2014).
Extracts of rosemary leaves fed to lactating Murciano-
Granadina goats increased polyunsaturated fatty acids in
milk with increasing dosage (Boutoial et al., 2013) but
this effect was not observed in cattle (Benchaar et al.,
2007; Hristov et al., 2013). Moujahed et al. (2013) re-
ported that rosemary essential oils had no effect neither
on total gas production nor on volatile fatty acid accu-
mulation in rumen of sheep.
Markhoz goats are reared in western Azerbaijan, Kur-
distan and Kermanshah provinces of Iran and produce
mohair (Bahmani et al., 2011; Farshad et al., 2008).
The mohair obtained from these animals has an impor-
tant cultural role and is used for making local clothes in
Kurdistan; the animals are also major source of red meat
(102,000 ton per year) in Iran (Farshad et al., 2008). Nu-
tritional strategies are necessary to reduce the immuno-
suppressive consequences of physical or pathological
stresses which cause mortality among newborn kids.
The effect of herbs on immunity enhancement and
subsequent growth of goat kids remained to be surveyed.
Taking account of a possible immune stimulant effect of
rosemary due to its antimicrobial, antioxidant, flavour
enhancing properties and potential therapeutic benefits,
the objective of the current study was to determine the
effect of rosemary extract at different supplemental lev-
els on growth rate, haematology and cell mediated im-
mune response in newborn goat kids.
2 Materials and methods
2.1 Rosemary aqueous extract preparation
Rosemary plants were collected in January from fresh
herbs grown under greenhouse condition. The extract
was prepared by submerging 5 or 10 g L−1 of fresh
leaves in boiling water for 10 minutes. Once the wa-
ter had cooled off to 25 °C, the solution was filtered to
remove the leaves before use (Malo et al., 2011).
2.2 Animal management and experimental design
The experiment was conducted on the Markhoz goat
research station in Sanandaj in the Kurdistan province
of West Iran. A total of twenty-four Markhoz newborn
male goat kids (about 7±3 days of age) were randomly
divided into four groups (Control, T1, T2 and T3) and
kept under an approved protocol by the research station.
These animals were selected according to the parity of
dams (all dams were homogeneous for parity), weight
and nutrition during their pregnancy. The treated groups
(T1, T2 and T3) were fed with supplemented milk con-
taining 100, 200 or 400 mg rosemary extract per kg of
live body weight per day for 42 days, respectively. The
control group was fed by an equal amount of milk with-
out rosemary extract.
Uniform management standards were applied in all
groups. Health status of kids was checked by diagnosing
pneumonia and diarrhoea and treated if pneumonia and
diarrhoea were recorded at the beginning of the experi-
ment. Each kid was kept with its mother in a separate
cage (2×1.5 m) equipped with feeders and water until
the end of the experiment. Before feeding supplemented
milk, goat kids were separated from their mothers and
fasted for 3 h after which they were fed with rosemary
extract supplemented milk using pacifiers. Rosemary
extract supplemented milk was prepared by dissolving
the required amount of rosemary extract into 70 cc of
fresh goat milk. During the experimental period, kids
were closely monitored to ensure enough suckling. All
kids received colostrum during the first days after birth.
2.3 Weighing and sampling
Kids were weighed weekly from the beginning to the
end of the experiment (6 weeks). About 10 ml of blood
were collected from each kid through the jugular vein
at the end of the study (day 42). Two and half millil-
itres of blood anticoagulated with EDTA were used for
blood cells count and 7.5 ml transferred to a plane tube
for serum separation. All tubes were instantly kept at
4 °C and then centrifuged (3,000× g for 10 min); the ob-
tained serum was separated and all samples transferred
to the laboratory and stored at –20 °C until analyses.
Anticoagulated blood was analysed for hematocrit
(PCV), haemoglobin (Hb) and leukocyte and erythro-
cyte counts (WBC and RBC) by micro-hematocrit,
cyanmethaemoglobin and standard manual methods, re-
spectively. Differential leukocyte counts were per-
formed on routinely prepared Giemsa-stained blood
films using the cross-sectional technique (Jain, 1986).
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Serum globulin was measured using a commercial kit
(Pars Azmun R2 11005). Average daily gain (ADG) ra-
tios were calculated daily throughout the experimental
period.
2.4 Skin-testing of cell-mediated immunity with PHA
Cell-mediated immune response was evaluated by de-
termining double skin thickness in response to phyto-
haemagglutinin (PHA) using the test procedure reported
by Lacetera et al. (1999). Skin tests were performed on
days 21 and 42 after the beginning of the experiment. To
this end, 250µg PHA diluted in 0.1 ml phosphate buffer
was intradermal injected to a shaved area on the right
lumbar back using an automatic injector. Double skin
thickness was measured using a digital calliper before
(time 0) and 8, 16, and 24 h after injection of PHA. Ster-
ile phosphate buffer saline (PBS) was injected nearby
approximately 10 cm from the injection site of PHA to
test of any skin responses to PBS alone.
2.5 Statistical analysis
Data for haematology parameters and weights were
analysed according to a completely randomised design
using the General Linear Models procedure of SAS (ver-
sion 9.2). Double skin thickness data were submitted to
the MIXED procedure, considering the skin thickness
before PHA injection (time 0) as covariate. Means were
separated by LSD, and least squares means and SEM
for all data are presented. Main effects were discussed
if P< 0.05.
3 Results
3.1 ADG, total gain and haematology parameters
The mean initial weight, total gain and ADG did not
differ significantly among groups (Table 1), however,
the highest ADG and total gain were observed in group
T2.
Significant differences in globulin (P< 0.05) and
WBC (P< 0.001) were found among the groups. Glob-
ulin was significantly increased in T3 kids as compared
to the control. WBC was the highest in the T2 and
T1 groups and differed significantly from the control
group. However, no significant differences were ob-
served for Hb, PCV, RBC, lymphocytes and neutrophils
levels among groups (Table 2).
Table 1: Mean (±SEM) of total gain and average daily gain (ADG) in the different groups.
Item Control T1 T2 T3 P-value
Initial weight (kg) 5.60 ±0.377 5.49±0.326 5.50 ±0.250 5.90 ±0.278 NS
ADG (g/day) 68.8±11.36 62.9±13.27 75.3±7.89 70.2±5.69 NS
Total gain (kg) 2.89±0.477 2.64±0.557 3.58±0.332 2.95±0.239 NS
The Control, T1, T2 and T3 groups were supplemented with 70 cc of milk containing 0, 100, 200 or 400 mg
rosemary extract per kg of live body weight per day.
Table 2: Mean (±SEM) concentration of different blood biochemical and haematology factors for the different
groups.
Item Control T1 T2 T3 P-value
Globulin (g/dl) 2.65±0.083b 2.82±0.030 ab 2.95±0.048a 2.82±0.076ab *
Hb (g/dl) 9.26±0.435 8.75±0.389 8.26±0.388 8.86±0.443 NS
PCV (%) 26.8±2.00 22.9±1.53 23.7±1.32 23.8±1.57 NS
RBC (×106/µl) 16.2±1.08 13.5±0.96 13.5±1.20 14.2±0.97 NS
WBC (×106/µl) 17.0±0.92 c 20.9±1.16 b 24.1±1.18 a 17.8±1.06 c ***
Neutrophils (%) 34.5±1.60 35.5±1.85 34.2±1.48 35.5±1.25 NS
Lymphocyte (%) 64.2±1.79 62.7±1.95 64±1.39 63.5±1.39 NS
The Control, T1, T2 and T3 groups were supplemented with 70 cc of milk containing 0, 100, 200 or 400 mg
rosemary extract per kg of live body weight per day.
Means in the same row with different letter are significantly different. NS = P>0.05, * = P<0.05, *** P<0.001.
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Table 3: Mean (±SEM) of double skin thickness (millimetre) measurements for the different groups
after PHA injection at day 21 and day 42 of experiment.
Item Control T1 T2 T3 P-value
21-day 6.98±0.166 6.80±0.141 6.74±0.222 6.65±0.159 NS
42-day 6.22 ±0.218b 6.93±0.266 a 6.69±0.128 ab 7.17±0.221 a **
The Control, T1, T2 and T3 groups were supplemented with 70 cc of milk containing 0, 100, 200 or 400 mg
rosemary extract per kg of live body weight per day.
Means in the same row with different letter are significantly different. NS = P>0.05, ** P<0.01.
3.2 Cell-mediated immune response
Skin thickness was not significantly different among
groups on day 21 of the experiment. However, signifi-
cant differences were observed after injection of PHA
among groups on day 42 of the experiment (P<0.01)
with the T3 group showing the highest response to PHA
injection. Significant differences were observed in skin
thickness among groups after 8, 16 and 24 hours post
PHA injection on day 42 (Table 3).
4 Discussion
Medicinal herbs or phytogenic products seem to be
valuable for enhancing immunity and subsequently, by
their broad-spectrum activity, they may lead to an el-
evated growth. Rosemary being an important medici-
nal herb has many reported beneficial effects. Some re-
searchers have shown the beneficial effect of rosemary
on growth performance. Ghazalah & Ali (2008) showed
that the addition of 0.5 % rosemary leaves to the basal
diet of broilers enhanced weight gain as compared to the
control group. Moreover, different levels of rosemary
remarkably increased growth performance for 42 days
in broiler chicks (Yesilbag et al., 2011). Findings of the
current research revealed that there were no substantial
differences in growth rate among the treated and control
groups, as ADG and total weight gain non-significantly
increased in kids given rosemary extract. No effect of
rosemary on growth performance was detected alike in
chicks (Basmacıoğlu et al., 2004; Yasar et al., 2011),
sea bass (Turi et al., 2009), rat (Afonso et al., 2013)
and rabbit (Beghelli et al., 2012). Similarly, Janz et al.
(2007) reported that rosemary had no substantial effect
on growth performance in treated pigs in comparison
with the control group. Contrary, Ibarra et al. (2011)
suggested that carnosic acid-rich rosemary leaf extract
in a high-fat diet limited weight gain in mice. These,
partial contradictory results may be due to differences in
the type, quality or quantity of supplemental rosemary
and also due to species and age of animals.
Changes in the physiological state of an animal are
often reflected by changes in haematology parameters.
Hence, blood indices are important tools used to con-
firm the effects of nutritional and environmental man-
agement in animals. In the current study, we have not
seen any significant differences in the rate of Hb, PCV
and RBC among groups, although, the rate of these pa-
rameters tended to decrease in the treated kids. There
is no reported study about the effect of rosemary on Hb,
PCV and RBC in newborn or adult ruminants. In contra-
diction with our results, in a study with quails, Yesilbag
et al. (2012) showed that 100 mg of rosemary per kg of
diet caused an increase in levels of RBC, Hb and PCV.
Milk supplemented with rosemary extract (T1 and
T2) had a statistically significant effect on WBC counts
but had no effect on lymphocyte or neutrophil amounts.
Contrary to these results, in a study on quails, rose-
mary plus oregano volatile oil mixture had no remark-
able effect on WBC counts but significantly enhanced
the levels of lymphocyte and neutrophil (Yesilbag et al.,
2012). Moreover, Savoini et al. (2003) reported that di-
etary rosemary extract markedly decreased the counts of
WBC and blood neutrophils percentage compared to the
control group in organically managed dairy goats.
The amount of globulin significantly increased in T3
kids compared to other groups. Serum proteins espe-
cially globulin contribute profoundly to the immunity
and growth rate of newborn kids, not only because of
the immunoglobulin content, but also because of other
nutritional and physiological effects (Chen et al., 1999).
Rosemary supplementation increased blood total pro-
tein content of organically managed dairy ewes (Chio-
falo et al., 2012). Ghazalah & Ali (2008) showed that
rosemary leaves meal (at 0.5 and 1 % of the diet) in-
creased the globulin level in broilers as compared to the
control group. Because of the close correlation between
globulin and immunoglobulins levels, it could be con-
cluded from the present study that rosemary extract had
a positive effect on immunity due to its role in devel-
oping and protecting cells and inhibiting non-enzymatic
oxidation (Ghazalah & Ali, 2008).
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Measurement of immune reactivity is an important
tool (Hessing et al., 1995), and is also beneficial as a
complement to diagnostic tests based on the immune re-
sponse. PHA, a lectin from Phaseolus vulgaris, causes
agglutination of erythrocytes; and growth, division and
non-specific activation of T-cells. The skin test involves
injecting PHA and measuring the change in skin thick-
ness. The results of the current study showed that milk
supplemented with rosemary extract had an effect on the
double skin thickness in response to PHA injection in
comparison with control kids at day 42 of the experi-
ment. Similar to these results, 200 ppm rosemary ex-
tracts increased mitogenic response of spleen cells to
concanavalin A and PHA in rats fed 10 % casein (Babu
et al., 1999). Furthermore, Al-Sheyab et al. (2012) de-
tected that concanavalin A-stimulated proliferation of
spleen cells from mice fed with 100 mg/kg body weight
rosemary extract was significantly higher by 57 % than
that of cells from the corresponding control animals,
these researchers also showed that mice treated with 10,
50, 100 mg of rosemary extract per kg body weight had
significantly higher Immunoglobulin M (IgM) in com-
parison with the control group. Rosemary because of
its powerful antioxidant activity may help to alleviate
the oxidative stress conditions like protein or antioxi-
dant deficiency (Babu et al., 1999).
In conclusion, the rosemary supplementation to new-
born kids significantly improved the WBC counts and
double skin thickness in response to PHA injection on
day 42. Future studies involving the investigation of
the bioavailability of rosemary phenolic elements and
their effect on immune enhancing parameters may help
to clarify their role in physiological and environmental
stressors in newborn animals.
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